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IORZV$EHWWHUXQGHUVWDQGLQJRIWKHHIIHFWVRIVXFWLRQWKURXJKDSHUIRUDWHGVNLQRQFURVVIORZWUDQVLWLRQLQWKHVZHSW
ZLQJERXQGDU\OD\HULVQHHGHGIRU+/)&WREHFRPHDPRUHYLDEOHRSWLRQIRUODPLQDU IORZWUDQVSRUWDLUFUDIW7KH
PRGHOXVHGLQWKH+/)&H[SHULPHQWZDVDPVWUHDPZLVHFKRUGGHJUHHVZHSWZLQJRULHQWHGIORRUWRFHLOLQJLQ
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OHDGLQJHGJHSDQHOVZHUHXVHG WRH[DPLQH WKHHIIHFWVRIGLIIHUHQW VXFWLRQGLVWULEXWLRQV 7KUHHRI WKHSDQHOVZHUH
SHUIRUDWHGZLWKKROHSDWWHUQVGHVLJQHGWRDQVZHUVSHFLILFTXHVWLRQVDQGWKHIRXUWKZDVDVROLGSDQHO7KHOHDGLQJ
HGJHSDQHOPDGHXSWKHILUVWRIWKHZLQJDQGQHHGHGWREHMRLQHGVPRRWKO\WRWKHPLGFKRUGUHJLRQRIWKHZLQJ
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DPRXQWRIZRUNGXULQJ WKHH[SHULPHQW WRHQVXUH WKDW WKH IORZZDVQRW WULSSHGSUHPDWXUHO\ )RUDPRUHGHWDLOHG
GHVFULSWLRQRIWKHH[SHULPHQWWKHUHDGHULVUHIHUUHGWR&KRXGKDULHWDO
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UDQJH  7KH DLUIRLO VKDSH ZDV GHVLJQHG XVLQJ &)' DQG VWDELOLW\ SUHGLFWLRQ FRGHV WR REWDLQ FURVVIORZ GRPLQDWHG
WUDQVLWLRQ7KHDLUIRLOZDVQRWV\PPHWULFDQGPHDVXUHPHQWVZHUHRQO\SHUIRUPHGRQWKHXSSHUVXUIDFHIRUZKLFK
WKHVKDSHDQGSUHVVXUHGLVWULEXWLRQDUHVKRZQLQ)LJ)RUPRUHLQIRUPDWLRQRQWKHGHVLJQRIWKHDLUIRLOVKDSHVHH
5HI,QRUGHUWRDYRLGWKHJURZWKRIWZRGLPHQVLRQDOLQVWDELOLWLHVWKHPLGFKRUGUHJLRQRIWKHDLUIRLOZDVFRROHG
E\FLUFXODWLQJFKLOOHGZDWHULQFKDQQHOVXQGHUWKHDLUIRLOVXUIDFH
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YDULHGEHWZHHQSDQHOV 3DQHOZDVGHVLJQHGDV WKHPRVWFRQVHUYDWLYHFDVH LHPRVW OLNHO\ WRGHOD\ WUDQVLWLRQ
ZLWK WKH VPDOOHVW VL]HGKROHV DQG WKH ILQHVW VSDFLQJ 3DQHOZDVGHVLJQHG WR VWXG\ WKHGHWULPHQWDO HIIHFWRI WKH
VXFWLRQKROHSDWWHUQRQWUDQVLWLRQ 7KLVSDQHOWKXVKDGWKHODUJHVWKROHVL]HDQGVSDFLQJDQGWKHKROHSDWWHUQZDV
URXJKO\ DOLJQHG ZLWK WKH GLUHFWLRQ RI WKH LQYLVFLG VWUHDPOLQH DQG VSDFLQJ RI KLJKO\DPSOLILHG FURVVIORZ PRGHV
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+/)&GDWDZDVLQLWLDWHGDQGWKHGDWDZDVUHFRYHUHGIURPHQFU\SWHGGDWDDUFKLYHV7KHUHZHUHVHYHUDOREVWDFOHVWR
RYHUFRPHLQSURFHVVLQJWKHGDWDDQGJHWWLQJLWWRDSRLQWZKHUHLWFRXOGEHXVHG,QWKLVSDSHUZHGLVFXVVVRPHRI
WKH WHFKQLTXHV XVHG LQ RYHUFRPLQJ WKRVH REVWDFOHV DQG VRPH OHVVRQV OHDUQHG IURP WKH H[WHQGHG DQDO\VLV  6RPH
UHVXOWVDUHDOVRSUHVHQWHGIRUVWDWLRQDU\DQGWUDYHOLQJFURVVIORZRQWKHVROLGSDQHODVZHOODVVWDWLRQDU\FURVVIORZLQ
WKHSUHVHQFHRIOHDGLQJHGJHVXFWLRQ
,, 'DWD$QDO\VLV
$V LV WKH QDWXUH RI H[SHULPHQWDO GDWD WKH GDWD IURP WKH +/)& H[SHULPHQW DUH QRW SHUIHFW DQG QHHG WR EH
FRUUHFWHGUHODWLYHWRNQRZQH[SHULPHQWDOEHQFKPDUNVEHIRUHPHDQLQJIXOFRQFOXVLRQVFDQEHGUDZQIURPWKHUHVXOWV
,QUHWURVSHFWLWWXUQHGRXWWREHGLIILFXOWWRDVFHUWDLQDOOUHOHYDQWWHVWFRQGLWLRQVGHVSLWHHIIRUWVWRGRFXPHQWWKHWHVW
LQ JUHDW GHWDLO  )RUWXQDWHO\PDQ\ RI WKH PLVVLQJ SLHFHV ZHUH HYHQWXDOO\ GLVFHUQHG DQG HYHU\ SRVVLEOH UHOHYDQW
SDUDPHQWHUZDVXVHGLQWKHGDWDDQDO\VLVWRPDNHWKHILQDOUHVXOWVDVUHOLDEOHDVSRVVLEOH
&KDOOHQJHVWKDWQHHGHGWREHDGGUHVVHGLQWKHGDWDDQDO\VLVLQFOXGHGYLEUDWLRQRIWKHKRWZLUHSUREHWHPSHUDWXUH
YDULDWLRQ RI WKH FRROHG DLUIRLO VXUIDFH DQG DFFXUDWH HVWLPDWLRQ RI WKH DLUIRLO VXUIDFH ORFDWLRQ IRU DQDO\VLV RI WKH
ERXQGDU\ OD\HU SURILOH VFDQV  ,Q WKH SURFHVV RI LQYHVWLJDWLQJ DQG HOLPLQDWLQJ WKHVH SUREOHPV VRPH LQWHUHVWLQJ
OHVVRQVZHUHOHDUQHGZKLFKKDYHLPSOLFDWLRQVIRUGDWDDQDO\VLVDQGIXWXUHH[SHULPHQWV
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GDWDZKLFKZHEHOLHYHGZHUHGXHWRYLEUDWLRQ+RZHYHUIRUVHYHUDOSHDNVWKHVLJQDODWWKRVHIUHTXHQFLHVZDVQRW
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FRXOGEHXVHGWRGHGXFHWKHSKDVHVSHHGRIWKHWUDYHOLQJPRGHV,QWKHFDVHVZKHUHQRIL[HGSUREHZDVSUHVHQWRU
IRU LGHQWLI\LQJ WKHKLJK IUHTXHQF\ LQVWDELOLWLHV WKDWDUHKLJKO\ ORFDOL]HGDQG WKHUHIRUHQRWH[SHFWHG WREHFRKHUHQW
ZLWKWKHIL[HGSUREHWKHIOXFWXDWLQJYHORFLWLHVZHUHTXDOLWDWLYHO\FRPSDUHGZLWKWKHPHDQYHORFLW\JUDGLHQWGǌG\
,I WKH VHQVRU LV YLEUDWLQJ QRUPDO WR WKH ZDOO WKH ORFDWLRQ DQG PDJQLWXGH RI WKH IOXFWXDWLQJ YHORFLWLHV VKRXOG
FRUUHVSRQG WR WKHPHDQYHORFLW\JUDGLHQW 7KLV LV WKHFDVHIRU WKH IUHTXHQFLHV WKDWDUHNQRZQWREHGXH WRSUREH
YLEUDWLRQ
,Q WKHVH ILJXUHV WKH506 OHYHOVDUHFDOFXODWHGE\ ILUVW ILOWHULQJRXW WKH IUHTXHQF\FRQWHQWEH\RQG WKHGHVLUHG
IUHTXHQF\EDQG)LJXUHVKRZVWKHFRPSDULVRQRI506DQGGǌG\RYHUWKHIUHTXHQF\UDQJHNQRZQWREHWUDYHOLQJ
FURVVIORZ DQG DV H[SHFWHG WKHUH LV QRTXDOLWDWLYH DOLJQPHQWZLWK WKH YHORFLW\SURILOH JUDGLHQW  )LJXUH VKRZV
ORZHU IUHTXHQF\ FRQWHQW ZKLFK LV NQRZQ WR EH GXH SULPDULO\ WR YLEUDWLRQ RI WKH SUREH VLQFH WKHUH LV VWURQJ
FRKHUHQFHZLWKWKHSUREHKHDGDFFHOHURPHWHU,QWKLVILJXUHWKHUHLVVWURQJTXDOLWDWLYHDOLJQPHQWZLWKGǌG\RIWKH
PHDQYHORFLW\SURILOHV
% 7HPSHUDWXUHYDULDWLRQRIDLUIRLOVXUIDFH
7KHPLGFKRUGUHJLRQRIWKHDLUIRLOZDVZDWHUFRROHGDQGWKHVXUIDFHWHPSHUDWXUHRIWKHPRGHODWWKLVORFDWLRQ
VKRZHGDF\FOLFDOYDULDWLRQFRUUHVSRQGLQJWRWKHGHDGEDQGRIWKHZDWHUWHPSHUDWXUHFRQWUROOHU7KLVF\FOLQJKDGD
VLJQLILFDQWLPSDFWRQWKHUHVXOWVIRUVRPHRIWKHGDWDVHWVSDUWLFXODUO\ZKHQWKHZDWHUWHPSHUDWXUHDSSHDUHGWREH


      D506I +]          EGǌG\

)LJXUH3ORWVRI\]VFDQGDWDIURP3DQHO7UDYHOLQJFURVVIORZPRGH


      D506I +]          EGǌG\

)LJXUH 3ORWVRI\]VFDQGDWDIURP3DQHO3UREH9LEUDWLRQ

$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV


F\FOLQJRYHUDZLGHUUDQJH 6LQFHWKHGDWDDFTXLVLWLRQSURFHVV IRUHDFKSURILOH WRRND IL[HGWLPHWRFRPSOHWH WKH
WHPSRUDOZDOOWHPSHUDWXUHYDULDWLRQPDQLIHVWVLWVHOIDVDVSDQZLVHYDULDWLRQLQWHPSHUDWXUH7KLVYDULDWLRQLVVKRZQ
LQ)LJLQZKLFKYDULDWLRQRIWKHZDWHUWHPSHUDWXUHFRUUHVSRQGVWRWKHZDOOWHPSHUDWXUH

7KLVYDULDWLRQLQZDOOWHPSHUDWXUHLQIOXHQFHVWKHWHPSHUDWXUHSURILOHRIWKHERXQGDU\OD\HU7KLVLVLPSRUWDQW
IRUWZRUHDVRQV)LUVWLWLVLPSRUWDQWWRNQRZWKHORFDOWHPSHUDWXUHRIWKHDLUZKHUHWKHKRWZLUHPHDVXUHPHQWVZHUH
PDGHVRWKDWWHPSHUDWXUHFRPSHQVDWLRQFDQEHDSSOLHGWRWKHZLUH7KHWHPSHUDWXUHFRPSHQVDWLRQIRUWKHKRWZLUH
PHDVXUHPHQWVZDVEDVHGRQDQHVWLPDWHRIWKHWHPSHUDWXUHSURILOHZLWKLQWKHERXQGDU\OD\HU7KLVSURILOHZDVQRW
PHDVXUHGGLUHFWO\EXWZDVFDOFXODWHGEDVHGRQWKHORFDOHVWLPDWHRIWKHYHORFLW\SURILOHDQGWKHPHDVXUHGIUHHVWUHDP
DQGVXUIDFHWHPSHUDWXUHV $VHFRQGDQGPRUHFRPSOH[ LQIOXHQFHRIWKHWHPSHUDWXUHYDULDWLRQLV WKHHIIHFW LWPD\
KDYH KDG RQ WKH LQVWDELOLWLHV JURZLQJ LQVLGH WKH ERXQGDU\ OD\HU  ,W LV ZHOONQRZQ WKDW ZDOO FRROLQJ KDV D ODUJH
VWDELOL]LQJ HIIHFW RQ76 GLVWXUEDQFHV KRZHYHU WKH HIIHFW LV OHVV LPSRUWDQW IRU FURVVIORZGLVWXUEDQFHV GXH WR WKH
LQIOHFWLRQDOQDWXUHRIWKHLQVWDELOLWLHV
)LJXUHLVDQH[DPSOHRIWKHHIIHFWRIWKHWHPSHUDWXUHYDULDWLRQRQWKH\]VFDQGDWD 7KLVSODQHRIGDWDZDV
WDNHQRQOHDGLQJHGJHSDQHOWKHVROLGSDQHODWDFKRUG5H\QROGVQXPEHURIPLOOLRQDQGDWDFKRUGORFDWLRQRI
[F 7KHWHPSHUDWXUHVIRUWKLVFDVHDUHVKRZQLQ)LJ7KHHIIHFWRIWKHWHPSHUDWXUHYDULDWLRQLVHYLGHQWLQ
WKH'SORWVRIWKHYHORFLW\GLVWULEXWLRQVZKLFKKDYHQRWEHHQWHPSHUDWXUHFRPSHQVDWHG)RUWKLVFDVHWKHUHZDVD
+] WUDYHOLQJFURVVIORZPRGHSUHVHQW VR WKHN+]VDPSOLQJUDWHRI WKH\]VFDQGDWDZDVDEOH WRFDSWXUH LW
7KHUHIRUHZHDUHDOVRDEOHWRORRNDWD'PDSRIWKH506DPSOLWXGHRIWKHWUDYHOLQJFURVVIORZGLVWXUEDQFHV)LJ
E DV WKH\ DUHPRGXODWHG E\ WKH VWDWLRQDU\PRGH 7KH WHPSHUDWXUH FRPSHQVDWHGPHDQ DQG506 YHORFLWLHV DUH
SORWWHGLQ)LJ7KHVKRUWZDYHOHQJWKYDULDWLRQVLQERWKWKH506DQGWKHPHDQYHORFLW\SORWVLQ)LJFRUUHVSRQG
WR WKHYDULDWLRQRI WKHVXUIDFH WHPSHUDWXUHDQG WKHUHIRUH WKHZDWHU WHPSHUDWXUH 7KLV LVKLJKOLJKWHG LQ)LJD
ZKLFK VKRZV WKH KLJKSDVV ILOWHUHG PHDQ DQG 506 YHORFLWLHV DW D FRQVWDQW \ORFDWLRQ DV ZHOO DV WKH ZDWHU
WHPSHUDWXUH
 7KH WHPSHUDWXUH FRPSHQVDWHG SORW RI WKH PHDQ GDWD )LJ  VKRZV WKDW SURSHU WHPSHUDWXUH FRPSHQVDWLRQ
UHPRYHVPRVWRIWKHYDULDWLRQVWKDWFRUUHVSRQGWRWKHZDWHUWHPSHUDWXUHF\FOLQJ7KLVLVDOVRLOOXVWUDWHGLQ)LJE
ZKHUH WKH KLJK SDVV ILOWHUHG VSDQZLVH YDULDWLRQV LQ PHDQ IORZ EHIRUH DQG DIWHU WHPSHUDWXUH FRPSHQVDWLRQ DUH
SORWWHG:KLOHWKHUHLVVWLOOVRPHYDULDWLRQHYLGHQWDIWHUWKHWHPSHUDWXUHFRPSHQVDWLRQLVDSSOLHGLWLVQRWQHDUO\DV
VLJQLILFDQW DV EHIRUH  7KH UHPDLQLQJ YDULDWLRQV PD\ EH GXH WR XQFHUWDLQWLHV LQ WKH WHPSHUDWXUH PHDVXUHPHQWV
WHPSHUDWXUHSURILOHHVWLPDWLRQRULQWKHDSSOLFDWLRQRIWKHKRWZLUHWHPSHUDWXUHFRPSHQVDWLRQ+RZHYHUWKH506
SORW ORRNV YHU\ VLPLODU WR WKH FRUUHVSRQGLQJ SORW RI WKH XQFRPSHQVDWHG GDWD  ,W DSSHDUV WKDW WKH HIIHFW RI WKH
WHPSHUDWXUH GLIIHUHQFH RQ WKH KRWZLUH GRHV QRW FRUUHVSRQG WR WKH YDULDWLRQV LQ WKH DPSOLWXGH RI WKH WUDYHOLQJ
GLVWXUEDQFHV  :H K\SRWKHVL]HG WKDW WKH DPSOLWXGH RI WKH WUDYHOLQJ FURVVIORZ ZDV DFWXDOO\ LQIOXHQFHG E\ WKH
WHPSHUDWXUHYDULDWLRQV DQGZH LQYHVWLJDWHG WKLVEHKDYLRUE\FRPSDULQJ WKHH[SHULPHQWDOGDWDZLWKFRPSXWDWLRQV


)LJXUH 7HPSHUDWXUHYDULDWLRQRIWKHZDWHUPRGHOVXUIDFHDQGIUHHVWUHDPGXULQJD\]VFDQ


$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV




 7KH GDWD IURP ]  WR  PP ZDV ILUVW GLYLGHG LQWR UHJLRQV RI KLJK  ) DQG ORZ  ) ZDOO
WHPSHUDWXUH DQG WKHQ WKH DYHUDJH WUDYHOLQJPRGH VKDSHZDV FDOFXODWHG IRU WKH ORZDQGKLJK WHPSHUDWXUH VHWV RI
SURILOHV  7KH UHVXOW LV SORWWHG LQ )LJ   7KH KLJK WHPSHUDWXUH DPSOLWXGH LV DERXW  ODUJHU WKDQ WKH ORZ
WHPSHUDWXUHPRGH7KLVUHVXOWZDVWKHQFRPSDUHGWRWKHOLQHDU36(UHVXOWVFRPSXWHGXVLQJ/$675$&7KH1
IDFWRUVZHUHFRPSXWHGIRUDWUDYHOLQJPRGHZLWKI +]DQGȜ PPZKLFKZDVWKHIUHTXHQF\DQGVSDQZLVH
ZDYHOHQJWKRIWKHWUDYHOLQJPRGHWKDWZDVSUHVHQWLQWKHH[SHULPHQWDOGDWD7KHFKRUGZLVHWHPSHUDWXUHSURILOHZDV
HVWLPDWHG E\ &KRXGKDUL E\ DSSO\LQJ D VPRRWK ILW WR VXUIDFH WHPSHUDWXUH PHDVXUHPHQWV PDGH GXULQJ WKH
H[SHULPHQW7KLVWHPSHUDWXUHSURILOHLVVKRZQLQ)LJ)RUWKHORZWHPSHUDWXUHFDVHWKLVVDPHSURILOHZDVXVHG
EXWZDVVKLIWHGGRZQE\)
7KH 1IDFWRU SORW )LJ  GRHV VKRZ DQ LQFUHDVH LQ 1IDFWRU IRU WKH KLJKHU WHPSHUDWXUH FDVH ZKLFK LV
FRQVLVWHQWZLWKWKHH[SHULPHQWDOGDWD)LJ7KHGLIIHUHQFHLQ1IDFWRUVDW[F LVZKLFKFRUUHVSRQGV
WRDQDPSOLWXGHUDWLRRIDVVXPLQJ WKH LQLWLDODPSOLWXGHGRHVQRWFKDQJH 7KHDFWXDODPSOLWXGHUDWLRRI WKH
KLJKDQG ORZ WHPSHUDWXUHPRGHV LQ)LJ LV 'HVSLWH WKH IDFW WKDW WKHGLIIHUHQFH LQ1IDFWRUGXH WR WKH
FKDQJH LQ WHPSHUDWXUH DSSHDUV TXLWH VPDOO LW LV LQ IDFW PRUH WKDQ VXIILFLHQW WR SURGXFH WKH PHDVXUHG DPSOLWXGH

     D0HDQ9HORFLW\            E5069HORFLW\

)LJXUH3ORWVRIPHDQYHORFLW\DQG506YHORFLW\I WR+]ZLWKQRWHPSHUDWXUHFRPSHQVDWLRQ
DSSOLHG
 
     D0HDQ9HORFLW\            E5069HORFLW\

)LJXUH3ORWVRIPHDQYHORFLW\DQG506YHORFLW\I WR+]ZLWKWHPSHUDWXUHFRPSHQVDWLRQ
DSSOLHG

$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV



D3ORWRIYDULDWLRQVLQWKHPHDQIORZ6WDWLRQDU\PRGH506YHORFLW\7UDYHOLQJPRGHDQGZDWHU
WHPSHUDWXUH

E3ORWRIYDULDWLRQLQWKHPHDQIORZEHIRUHDQGDIWHUWHPSHUDWXUHFRPSHQVDWLRQZDVDSSOLHG

)LJXUH+LJKZDYHQXPEHUYDULDWLRQVLQPHDQIORZDQG5069HORFLW\DWDFRQVWDQW\ORFDWLRQDQG
ZDWHUWHPSHUDWXUH,QDWKHYDOXHVKDYHEHHQVFDOHGDUELWUDULO\IRUVDNHRIFRPSDULVRQ


$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV




)LJXUH&KRUGZLVHZDOOWHPSHUDWXUHGLVWULEXWLRQ





)LJXUH 7UDYHOLQJFURVVIORZPRGHDWKLJKDQGORZWHPSHUDWXUHV


$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV


GLIIHUHQFHWKDWLVVHHQLQWKHH[SHULPHQWDOGDWD:HVKRZLWWREHTXLWHSODXVLEOHWKDWWKHYDULDWLRQVVHHQLQWKH506
YDOXHVPD\EHGXHWRDFKDQJHLQWKHDPSOLWXGHRIWKHWUDYHOLQJFURVVIORZ
7KLV UHVXOW LV VLJQLILFDQW EHFDXVH LW LQGLFDWHV WKDW RQH QHHGV WR EH SDUWLFXODUO\ FDUHIXO ZKHQ FDUU\LQJ RXW
H[SHULPHQWVZKHUH WUDYHOLQJ GLVWXUEDQFHV FRXOG DIIHFW WKH UHVXOWV 2QH VXFK H[DPSOH LV LQ WHPSHUDWXUH VHQVLWLYH
SDLQW 763 H[SHULPHQWV RQ VZHSWZLQJV LQZKLFK D WHPSHUDWXUH VWHS LV LQWURGXFHGE\PRGLI\LQJ WKH IUHHVWUHDP
WHPSHUDWXUHE\LQMHFWLQJPRUHRUOHVVQLWURJHQLQFU\RJHQLFWXQQHOV)H\REVHUYHGDGLIIHUHQFHLQWKHUHVXOWVZKHQ
DQHJDWLYHWHPSHUDWXUHVWHSZDVXVHGLQVWHDGRIDSRVLWLYHWHPSHUDWXUHVWHS7KHWUDQVLWLRQORFDWLRQIRUWKHQHJDWLYH
WHPSHUDWXUHVWHSZKHUHWKHPRGHOZDVZDUPHUWKDQWKHIUHHVWUHDPPRYHGXSVWUHDPUHODWLYHWRWKHFRUUHVSRQGLQJ
SRVLWLYHWHPSHUDWXUHVWHSFDVHV7KLVUHVXOWZDVIRUDIDLUO\ODUJHWHPSHUDWXUHGLIIHUHQFH)$VWKHWHPSHUDWXUH
VWHSVZHUHGHFUHDVHGWKHGLIIHUHQFHEHWZHHQWKHSRVLWLYHDQGQHJDWLYHWHPSHUDWXUHFKDQJHVZDVQRORQJHUYLVLEOHLQ
WKHLPDJHV%DVHGRQWKHSUHVHQWUHVXOWVWKLVGLIIHUHQFHLQWUDQVLWLRQORFDWLRQFRXOGYHU\ZHOOKDYHEHHQGXHWRWKH
GHVWDELOL]LQJHIIHFWRIZDUPHUPRGHOWHPSHUDWXUHRQWKHWUDYHOLQJFURVVIORZPRGHV
/LQHDU36(UHVXOWVZHUHDOVRFRPSXWHG IRU WKHVWDWLRQDU\FURVVIORZPRGH 6LPLODU WR WUDYHOLQJFURVVIORZ WKH
VWDWLRQDU\ FURVVIORZ PRGH ZDV SUHGLFWHG WR EH VWDELOL]HG E\ D GHFUHDVH LQ WKH ZDOO WHPSHUDWXUH  +RZHYHU WKH
H[SHULPHQWDOGDWDVKRZDQRSSRVLWHWUHQG)LJDQGWKHUHIRUHWKHYDULDWLRQVVHHQLQWKHVWDWLRQDU\FURVVIORZDUH
SUREDEO\ GXH WR WKH WHPSHUDWXUH HIIHFW RQ WKH KRWZLUH DV GHPRQVWUDWHG LQ )LJ   7KH HIIHFW RI WKH WHPSHUDWXUH
GLIIHUHQFHRQWKHVWDWLRQDU\FURVVIORZDPSOLWXGHZDVSUHGLFWHGWREHPXFKVPDOOHUWKDQWKHHIIHFWRQWKHWUDYHOLQJ
FURVVIORZWKHGLIIHUHQFHLQ1IDFWRUDW[F ZDVRQO\
&:DOO/RFDWLRQ
:KHQXVLQJDKRWZLUHWRFKDUDFWHUL]HWUDQVLWLRQDOERXQGDU\OD\HUVLWLVW\SLFDOO\QRWSRVVLEOHWRPHDVXUHYHORFLW\
DOOWKHZD\GRZQWRWKHZDOO$ZDOOORFDWLRQDOJRULWKPPXVWEHXVHGWRILQGWKHORFDWLRQRIWKHZDOOUHODWLYHWRWKH
VHQVRU7KH WUDGLWLRQDO PHWKRG RI ORFDWLQJ WKH ZDOO FRQVLVWV RI D FXUYH ILW HLWKHU OLQHDU RU IXOO SURILOH WR WKH
LQGLYLGXDOSURILOH,QDOLQHDUILWWKHORZHUSRUWLRQRIWKHYHORFLW\SURILOHLVH[WUDSRODWHGOLQHDUO\WRWKHZDOO$IXOO
SURILOH ILW XWLOL]HV WKH HQWLUH PHDVXUHG SURILOH DQG VRPH DVVXPHG SURILOH VKDSH  %RWK OLQHDU DQG JOREDO ILWWLQJ
PHWKRGVZHUHXWLOL]HGLQWKHLQLWLDODQDO\VLVRIWKH+/)&GDWDDQGERWKSURYHGWRJLYHVLPLODUUHVXOWV+RZHYHU
ZKHQ WKHZDOO ORFDWLRQ LVSORWWHG LQ]D UHJXODUYDULDWLRQ LVHYLGHQWZKLFKFRUUHVSRQGV WR WKHGRPLQDQWFURVVIORZ
ZDYHOHQJWK)LJXUHDVKRZVWKHZDOOORFDWLRQWKDWUHVXOWVZKHQDOLQHDUILWLVDSSOLHGWRWKHORZHUSRUWLRQRIWKH
ERXQGDU\ OD\HU SURILOHV IRU DQ HQWLUH SODQH RI GDWD ODEHOHG ³/LQHDU )LW:DOO /RFDWLRQ´ LQ WKH SORW  7KH ZDOO
ORFDWLRQLQWKLVSORWLVQHJDWLYHEHFDXVHWKHZDOOQRUPDOPHDVXUHPHQWVZHUHPDGHLQUHIHUHQFHWRDORFDWLRQDERYH
WKHDLUIRLOVXUIDFH7KLVSURILOHFDQEHFRPSDUHGZLWK)LJEZKLFKVKRZVWKHPHDQIORZGLVWULEXWLRQ7KHUHLVD



)LJXUH /LQHDU36(WUDYHOLQJFURVVIORZ1IDFWRUVFRPSXWHGXVLQJ/$675$&


$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV


FOHDUVSDQZLVHYDULDWLRQLQWKHZDOOORFDWLRQWKDWFRUUHVSRQGVWRWKHYDULDWLRQVLQWKHPHDQIORZFRQWRXUV7KLVLVQRW
VXUSULVLQJFRQVLGHULQJWKDWWKHLQGLYLGXDOSURILOHVDUHGLVWRUWHGE\WKHVWURQJFURVVIORZPRGHV
6XUIDFH URXJKQHVV PHDVXUHPHQWV ZHUH SHUIRUPHG RQ OHDGLQJ HGJH SDQHO  DIWHU WKH FRPSOHWLRQ RI WKH WHVW
$FFRUGLQJWRWKHVHPHDVXUHPHQWVWKHSHDNWRSHDNURXJKQHVVRIWKHPRGHOZDVRQWKHRUGHURIPPZKHUHDV
WKHYDULDWLRQLQWKHFDOFXODWHGZDOOORFDWLRQDVLQ)LJDLVRQWKHRUGHURIPP:KHQ\]VFDQVZHUHPDGHDW
WKHVDPHORFDWLRQEXWXQGHUGLIIHUHQWFRQGLWLRQVWKHVSDQZLVHZDYHOHQJWKRIWKHGRPLQDQWVWDWLRQDU\GLVWXUEDQFH
ZDVGLIIHUHQW,IWKHYDULDWLRQVZHUHUHDOWKHQWKHZDOOORFDWLRQZRXOGQRWFKDQJHIURPFDVHWRFDVH+RZHYHULQ
HYHU\FDVH WKHVSDQZLVHYDULDWLRQWKDWRFFXUUHGLQWKHFDOFXODWHGZDOO ORFDWLRQFRUUHVSRQGHGWRWKHZDYHOHQJWKRI
WKHVWDWLRQDU\FURVVIORZSDWWHUQ  %RWKRIWKHVHREVHUYDWLRQVLQGLFDWHWKDW WKHYDULDWLRQVLQZDOO ORFDWLRQZHUHQRW
DFWXDOO\LQGLFDWLYHRIPRGHOVXUIDFHURXJKQHVVRUZDYLQHVV
7KHVROXWLRQWKDWVHHPVPRVWUHDVRQDEOHLVWR
ILOWHU RXW WKH YDULDWLRQV LQ ZDOO ORFDWLRQ XVLQJ D
VSDWLDO ORZ SDVV ILOWHU VR WKDW RQO\ WKH ODUJHU
ZDYHOHQJWKYDULDWLRQVUHPDLQ/RZZDYHQXPEHU
FKDQJHV FRXOG EH GXH WR D VOLJKWO\PLVDOLJQHG
WUDYHUVHRUDFWXDOZDYLQHVVLQWKHDLUIRLOVXUIDFH
7KHSURILOH WRSURILOHYDULDWLRQVRQ WKHRUGHURI
PP VSDFLQJ DUH DOVR DVVXPHG WREHXQUHDO
VRWKHVHDUHILOWHUHGRXWDVZHOO7KHVHYDULDWLRQV
FRXOGEHGXH WR WKH LQKHUHQW XQFHUWDLQWLHV LQ WKH
OLQHDUILWZDOOILQGLQJURXWLQHRUQHDUZDOOHIIHFWV
RQWKHKRWZLUHGDWD
$Q H[DPSOH RI WKH VPRRWKHG ZDOO ORFDWLRQ
WKDW UHVXOWV IURP WKLV SURFHVV LV SORWWHG LQ )LJ
D  7KH UHVXOW LV VPRRWKHU YHORFLW\ FRQWRXUV
PRVWO\ IURP ILOWHULQJ RXW WKH SURILOH WR SURILOH
YDULDWLRQVDQGFKDQJHVLQFURVVIORZPRGHVKDSH
DQG DPSOLWXGH  )LJ  VKRZV WKH GLIIHUHQFH
EHWZHHQ WKH VWDWLRQDU\ FURVVIORZ PRGH VKDSH
XVLQJWKHZDOOORFDWLRQFDOFXODWHGIURPWKHOLQHDU
ILW DQG WKHPRGHFDOFXODWHGXVLQJ WKH VPRRWKHG
ZDOOIRURQHFDVH,QWKLVFDVHWKHVPRRWKHGZDOO
ORFDWLRQUHVXOWV LQDUHGXFWLRQ LQDPSOLWXGH
DQGDFURVVIORZPRGHVKDSHZKHUHWKHPD[LPXP
KDVPRYHGFORVHUWRWKHZDOO8VLQJWKHVPRRWK
ZDOO WHFKQLTXHGRHVQRW UHGXFH WKHDPSOLWXGHRI
WKH FURVVIORZ PRGH LQ HYHU\ FDVH EXW LQ HYHU\
FDVH WKHUH LV DW OHDVW D  GLIIHUHQFH LQ
DPSOLWXGH LQ VRPH FDVHV WKLV GLIIHUHQFH LV DV
KLJK DV   ,Q FRPSDULVRQV ZLWK WKHRUHWLFDO
PRGHVKDSHVFRPSXWHGXVLQJOLQHDU36(VKRZQ
LQ)LJ WKHVPRRWKZDOOUHVXOWVVKRZVOLJKWO\
EHWWHUDJUHHPHQW IRUPRVWFDVHV WKRXJKLQVRPH
FDVHVLWLVLPSRVVLEOHWRGHWHUPLQHZKLFKVKDSHLV
FORVHU WR WKH WKHRUHWLFDO VKDSH 'HVSLWH WKH IDFW
WKDW WKHVH WZR GDWDVHWV ZHUH WDNHQ DW GLIIHUHQW
ORFDWLRQV DQG ZLWK GLIIHUHQW GRPLQDQW PRGH
ZDYHOHQJWKV WKH HIIHFWV RI WKH VPRRWK ZDOO
WHFKQLTXH DUH TXLWH VLPLODU  ,Q ERWK FDVHV WKH
PRGH VKDSH UHVXOWLQJ IURP WKH VPRRWK ZDOO
WHFKQLTXH VKRZV PXFK EHWWHU DJUHHPHQW ZLWK
WKHRU\ QHDU WKH ZDOO WKDQ GRHV WKH PRGH VKDSH
UHVXOWLQJIURPWKHOLQHDUILWPHWKRG 7KHUHVXOWV
WKDWDUHSUHVHQWHGKHUHDIWHUZHUHDQDO\]HGXVLQJ
WKHVPRRWKZDOOWHFKQLTXH
D:DOOORFDWLRQYV]
E0HDQIORZ

)LJXUH D:DOOORFDWLRQVFDOFXODWHGXVLQJOLQHDU
ILWDQGWKHVPRRWKHGZDOOWHFKQLTXHE0HDQIORZ
IRUWKLVSODQHXVLQJWKHOLQHDUILWZDOOORFDWLRQ=VFDOH
YDOXHVDUHǌ8


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
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,,, 7UDYHOLQJ&URVVIORZ
7UDYHOLQJ FURVVIORZ RQ VZHSW ZLQJPRGHOV KDV QRW EHHQ YHU\ WKRURXJKO\ VWXGLHG LQ WKH SDVW SDUWLFXODUO\ IRU
FDVHVRIQDWXUDO WUDQVLWLRQ 'HK\OHKDV VWXGLHGQDWXUDO WUDQVLWLRQRQVZHSW IODWSODWHVDQG:KLWHDQG6DULFKDYH
VWXGLHGIRUFHGFURVVIORZWUDQVLWLRQRQVZHSWZLQJVZLWKGLVFUHWHURXJKQHVVHOHPHQWV'DJHQKDUWDQG6DULFIRXQG
WUDYHOLQJFURVVIORZLQDVZHSWZLQJPRGHOXQGHUQDWXUDOWUDQVLWLRQKRZHYHUWKHWUDYHOLQJPRGHVZHUHQRWVWXGLHGLQ
JUHDWGHWDLO)RUWKH+/)&H[SHULPHQWG\QDPLFGDWDZDVWDNHQIRUDOLPLWHGQXPEHURIFDVHVDQGORFDWLRQV7KHVH
GDWDVHWVFRQVLVWHGRIURXJKO\WRERXQGDU\OD\HUSURILOHVVSDFHGDIHZPLOOLPHWHUVDSDUWLQVSDQ7KHG\QDPLF
GDWDVHWVZHUHVDPSOHGDWN+]DVRSSRVHGWRWKHN+]VDPSOLQJUDWHRIWKHVWDWLRQDU\GDWD7KHVHGDWDVHWVZHUH
XVXDOO\RQO\ WDNHQDWRQHFKRUG ORFDWLRQ IRUHDFK IORZFRQGLWLRQDQGVXFWLRQFRQILJXUDWLRQDQG WKLV ORFDWLRQZDV
XVXDOO\IDUEDFNRQWKHDLUIRLOQHDUWKHWUDQVLWLRQORFDWLRQ:KLOHG\QDPLFGDWDZDVEHLQJDFTXLUHGDIL[HGKRWZLUH
SUREHORFDWHGDWDIL[HGORFDWLRQZLWKLQWKHERXQGDU\OD\HUZDVVLPXOWDQHRXVO\DFTXLULQJGDWD7KLVGDWDLVXVHGWR
GHWHUPLQHWKHFRKHUHQFHZLWKWKHWUDYHUVLQJSUREHDQGWKHSKDVHVSHHGRIWKHWUDYHOLQJPRGHV
$Q LQWHUHVWLQJ RXWFRPH RI WKH +/)& H[SHULPHQW ZDV WKH DSSHDUDQFH RI WUDYHOLQJ FURVVIORZ GLVWXUEDQFHV DW
VLJQLILFDQWDPSOLWXGHVXSWRRIWKHIUHHVWUHDPYHORFLW\:KLOHWKHWUDYHOLQJGLVWXUEDQFHDPSOLWXGHZDVWRRORZ
WR KDYH D VLJQLILFDQW HIIHFW RQ WKH WUDQVLWLRQ SURFHVV LW LV VWLOO D VXUSULVLQJ RXWFRPH GXH WR WKH ORZ WXUEXOHQFH
LQWHQVLW\RI WKH WXQQHO DW WKH IORZFRQGLWLRQV UXQ LQ WKH H[SHULPHQW  WR $W VXFK D ORZ WXUEXOHQFH
LQWHQVLW\ WUDYHOLQJ FURVVIORZ GLVWXUEDQFHV DUH QRW H[SHFWHG WR EH SUHVHQW DW VLJQLILFDQW DPSOLWXGHV  (YHQ PRUH
LQWHUHVWLQJ WKHFRROLQJRIWKHPLGFKRUGUHJLRQRIWKHDLUIRLOZDVH[SHFWHGWRKDYHDVWDELOL]LQJHIIHFWRQWUDYHOLQJ
GLVWXUEDQFHVVRZLWKRXWWKHFRROLQJRIWKHDLUIRLOVXUIDFHWKHWUDYHOLQJFURVVIORZGLVWXUEDQFHVSUREDEO\ZRXOGKDYH
KDGHYHQODUJHUDPSOLWXGHV

DPPPRGH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      E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

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

)LJXUH &RPSDULVRQRIFURVVIORZPRGHVZLWKWKHOLQHDUILWFDOFXODWHGZDOODQGWKHVPRRWKHGZDOO

$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV


7KH SKDVH VSHHG DQGPRGH VKDSH RI WKH WUDYHOLQJ GLVWXUEDQFHZDV FRPSXWHG IRU WKH 3DQHO  FDVH GLVFXVVHG
HDUOLHUDWDFKRUG5H\QROGVQXPEHURIPLOOLRQDQGFKRUGORFDWLRQRI[F 7KHG\QDPLFUHVXOWVIURPWKH\]
VFDQIRUWKLVFDVHDUHSORWWHGLQ)LJE6SDQZLVHPRGXODWLRQRIWKHWUDYHOLQJFURVVIORZGXHWRWKHVWURQJVWDWLRQDU\
FURVVIORZPRGHLVHYLGHQWLQWKLVSORW7KH\]VFDQVZHUHQRWLQWHQGHGWRSURYLGHGDWDRQWUDYHOLQJGLVWXUEDQFHVVR
WKHUHZDVQRIL[HGSUREHSUHVHQWIRUWKHVHGDWDVHWV +HQFHZHPXVWXVHWKHG\QDPLFGDWDWRREWDLQSKDVHVSHHG
LQIRUPDWLRQ7KHG\QDPLFGDWDIRUWKLVFDVHFRQVLVWHGRISURILOHVWDNHQIURP] WRPP7KHDPSOLWXGHRI
WKH+]WUDYHOLQJFURVVIORZPRGHZKLFKZDVWKHGRPLQDQWPRGHLQWKHH[SHULPHQWDOGDWDZDVDURXQGRIWKH
IUHHVWUHDPYHORFLW\ $WD IUHTXHQF\RI+] WKHUHZDV VWURQJFRKHUHQFHZLWK WKH IL[HGSUREHDQG WKHUHIRUHD
SKDVHVKLIWFRXOGEHFRPSXWHG7KHSKDVHVKLIWDWHDFKORFDWLRQZDVFRPSXWHGDQGWKLVGDWDLVSORWWHGLQ)LJ
)URPWKHVORSHRIWKHOLQHWKHVSDQZLVHSKDVHVSHHGZDVGHWHUPLQHGWREHPVZKLFKFRUUHVSRQGVWRURXJKO\
RIWKHIUHHVWUHDPYHORFLW\8QIRUWXQDWHO\WKHUHZDVQRWHQRXJKLQIRUPDWLRQWRFRPSXWHZDYHDQJOH7KHVSDQZLVH
SKDVHVSHHGZDVXVHGWRFDOFXODWHWKHVSDQZLVHZDYHOHQJWKRIWKHWUDYHOLQJFURVVIORZPRGHZKLFKZDVIRXQGWREH
PP7KHOLQHDU36(UHVXOWVIRUWKLVFDVHSUHGLFWWKDWWKHPRVWDPSOLILHGPRGHZLOOKDYHDIUHTXHQF\RI+]
DQG D ZDYHOHQJWK RI  PP DW WKLV FKRUG ORFDWLRQ ZKLFK LV GLIIHUHQW IURP WKH H[SHULPHQWDO PRGH WKDW ZDV
PHDVXUHG/LQHDU36(SUHGLFWVDVSDQZLVHSKDVHVSHHGRIPVZKLFKLVURXJKO\RIWKHIUHHVWUHDPYHORFLW\
7KHDYHUDJHPRGHVKDSHRIWKHPHDVXUHGWUDYHOLQJPRGHI +]Ȝ PPLVSORWWHGLQ)LJDDORQJZLWKWKH
PRGHVKDSHFDOFXODWHGXVLQJ/$675$&7KLVSORWVKRZVQHDUO\SHUIHFWDJUHHPHQWEHWZHHQWKHH[SHULPHQWDODQG
WKHRUHWLFDOWUDYHOLQJFURVVIORZPRGHVKDSHV


7KHGRPLQDQWVWDWLRQDU\FURVVIORZPRGHDWWKLVORFDWLRQKDGDZDYHOHQJWKRIDURXQGPPDQGDQDPSOLWXGHRI
RI WKHIUHHVWUHDPYHORFLW\ /LQHDU36(SUHGLFWV WKDW WKHPRVWDPSOLILHGPRGHZLOOEHDURXQGPPDVZHOO
7KHPRGHVKDSHLVFRPSDUHGZLWKOLQHDU36(UHVXOWVLQ)LJE7KHVKDSHVDJUHHIDLUO\ZHOOEXWWKHUHDSSHDUVWR
EHDYHUWLFDOVKLIWXSLQWKHH[SHULPHQWDOPRGHUHODWLYHWRWKHWKHRUHWLFDOPRGH7KHUHLVDOVRVRPHGLVDJUHHPHQWLQ
VKDSHQHDUWKHZDOO7KLVGLIIHUHQFHPD\EHGXHWRXQFHUWDLQWLHVLQWKHGHWHUPLQDWLRQRIWKHZDOOORFDWLRQ
7UDYHOLQJFURVVIORZZDVSUHVHQWLQPRVWRIWKHFDVHVVWXGLHGZLWKRUZLWKRXWVXFWLRQ ,QWKHFDVHVVWXGLHGRQ
3DQHOIRUZKLFKVWDWLRQDU\FURVVIORZUHVXOWVDUHSUHVHQWHGLQWKHIROORZLQJVHFWLRQG\QDPLFGDWDZHUHWDNHQDWWKH
IXUWKHVW GRZQVWUHDPPHDVXUHPHQW ORFDWLRQ [F   )RU WKHVH FDVHV WKH WUDYHOLQJ FURVVIORZ DPSOLWXGHVZHUH
DURXQGRIWKHIUHHVWUHDPYHORFLW\0RGHVKDSHVPDWFKOLQHDU36(UHVXOWVIDLUO\ZHOODOWKRXJKWKHUHDSSHDU
WR EH YHUWLFDO VKLIWV LQ VRPH FDVHV VLPLODU WR )LJ E $V LQ WKH 3DQHO  FDVH GLVFXVVHG WKH DPSOLWXGH RI WKH
GRPLQDQWVWDWLRQDU\FURVVIORZPRGHLQWKHVHFDVHVZDVDURXQGRIWKHIUHHVWUHDPYHORFLW\7KHH[SHULPHQWDOO\
PHDVXUHGVSDQZLVHSKDVH VSHHGV LQ WKHVHFDVHVZHUHEHWZHHQDQGRI WKH IUHHRI WKH IUHHVWUHDPYHORFLW\
7KHSKDVHVSHHGYDOXHVPHDVXUHGLQWKLVH[SHULPHQWDUHVLPLODUWRWKHUHVXOWVRI7DNDJLDQG,WRKZKRPHDVXUHGD
SKDVHVSHHGRIRIWKHIUHHVWUHDPYHORFLW\+RZHYHUDVLQWKH3DQHOFDVHGLVFXVVHGSUHYLRXVO\WKHOLQHDU36(
UHVXOWVJLYHDSKDVHVSHHGRIDURXQGIRUWKHPRVWDPSOLILHGPRGH

)LJXUH 3KDVHVKLIWYV]IRU5H 0[F RQ3DQHO


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
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
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,9 (IIHFWRI9DU\LQJ6XFWLRQ'LVWULEXWLRQ
5HVXOWV IURP VHYHUDO GLIIHUHQW VXFWLRQ
GLVWULEXWLRQV RQ 3DQHO  DUH GLVFXVVHG DQG
FRPSDUHG ZLWK QXPHULFDO UHVXOWV  7KH HIIHFW RI
VXFWLRQRQWUDQVLWLRQLQVZHSWZLQJIORZVKDVEHHQ
VWXGLHGERWKH[SHULPHQWDOO\DQGQXPHULFDOO\VLQFH
LWZDVILUVWXVHGDVDPHDQVRIGHOD\LQJWUDQVLWLRQ
7KH H[SHULPHQWV WKDW KDYH EHHQ SHUIRUPHG KDYH
PDLQO\VWXGLHGWKHHIIHFWRIVXFWLRQGLVWULEXWLRQRQ
WUDQVLWLRQ ORFDWLRQ DQG WKHHIIHFWRI KROH VL]H
DQGVSDFLQJRQWUDQVLWLRQORFDWLRQ+RZHYHUWKH
1$6$%RHLQJ+/)& GDWDVHW LV XQLTXH LQ WKDW LW
FRQWDLQV GHWDLOHG PHDVXUHPHQWV RI FURVVIORZ
LQVWDELOLWLHVIRUYDU\LQJVXFWLRQGLVWULEXWLRQV7KLV
GDWD FDQ EH YHU\ XVHIXO IRU FRGH FDOLEUDWLRQ DQG
FDQ KHOS SURYLGH DQ LQFUHDVHG XQGHUVWDQGLQJ RI
WKHHIIHFWRIVXFWLRQRQFURVVIORZLQVWDELOLWLHV
$VLJQLILFDQWQXPEHURI\] VFDQVZHUH WDNHQ
RQOHDGLQJHGJHSDQHOZKLFKZDVWKHSDQHOZLWK
WKHODUJHVWKROHVL]HDQGVSDFLQJ WKHUHIRUHPRUH
LQIRUPDWLRQ LV DYDLODEOH IURP WKHVH UHVXOWV WKDQ
IURPRWKHU FDVHVZKHUH RQO\ ]VFDQVZHUH WDNHQ
7KLVLVDOVRDQLQWHUHVWLQJFDVHEHFDXVHWKLVSDQHO
ZDV GHVLJQHG WR VWXG\ WKH GHWULPHQWDO HIIHFW RI
VXFWLRQ KROH VL]H DQG VSDFLQJ RQ FURVVIORZ
LQVWDELOLW\JURZWK
7KUHH VOLJKWO\ GLIIHUHQW VXFWLRQ GLVWULEXWLRQV
DUH GLVFXVVHG EHORZ IRU ZKLFK \] VFDQV ZHUH
WDNHQ DW WKUHH FKRUGZLVH ORFDWLRQV [F 
 DQG   8QIRUWXQDWHO\ WKH H[DFW
WUDQVLWLRQ ORFDWLRQV IRU WKHVH FDVHV DUH XQNQRZQ
GXHWRWKHIDFWWKDWWKHUHZHUHQR,5LPDJHVWDNHQ
ZKHQ WKH KRWZLUH GDWD ZDV DFTXLUHG  7KH WKUHH
VXFWLRQ GLVWULEXWLRQV WHVWHG LQFOXGH WKH EDVHOLQH
VXFWLRQ GLVWULEXWLRQ ODEHOHG 6XFWLRQ 'LVWULEXWLRQ
DQGWZRYDULDWLRQVRQWKHEDVHOLQHLQZKLFKWKH
VXFWLRQWKURXJKWZRDGMDFHQWIOXWHVZDVLQFUHDVHG
DERYH WKH EDVHOLQH OHYHO 6XFWLRQ 'LVWULEXWLRQV
DQGVHH)LJ
7KH GRPLQDQW PRGH QHDU WKH OHDGLQJ HGJH
Ȝa PP FRUUHVSRQGV WR WKH VXFWLRQ KROH
VSDFLQJ RQ WKH SDQHO  7KLV ZDV H[SHFWHG WR
KDSSHQRQ WKLV SDQHO VLQFH WKHKROH VSDFLQJZDV
GHVLJQHGWRFRUUHVSRQGWRDQXQVWDEOHPRGH7KLV
PRGH GRHV QRW GHFD\ EHIRUH WKH VHFRQG
PHDVXUHPHQW ORFDWLRQ [F  LQ IDFW LW
JURZV VLJQLILFDQWO\ HVSHFLDOO\ IRU VXFWLRQ
GLVWULEXWLRQ  )LJ   7KLV PRGH UHDFKHV D
ODUJH DPSOLWXGH XS WR  RI WKH IUHHVWUHDP
YHORFLW\EHIRUHGHFD\LQJ  ,Q IDFW WKHPRGHZDV
ODUJHHQRXJKWRFDXVHGLVWRUWLRQRIWKHEDVLFVWDWH
+RZHYHULWGLGQRWFDXVHSUHPDWXUHWUDQVLWLRQIRU
DQ\RIWKHVHFDVHVVLQFHWKHPRGHGHFD\HGE\WKH
ODVW PHDVXUHPHQW UHJLRQ [F  ZKHUH WKH
IORZZDVVWLOOODPLQDU

D6XFWLRQ'LVWULEXWLRQ

E6XFWLRQ'LVWULEXWLRQ

F6XFWLRQ'LVWULEXWLRQ

)LJXUH6XFWLRQ'LVWULEXWLRQVIRU/HDGLQJ(GJH3DQHO
FDVHV

$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV


 7KH ZDYHOHQJWK RI WKH PRGH ZLWK WKH ODUJHVW
DPSOLWXGH DW WKH ILQDO PHDVXUHPHQW ORFDWLRQ
[F  LVEHWZHHQDQGPP 7KHHYROXWLRQ
RIWKLVPRGHLVVKRZQLQ)LJ 7KLVPRGHLVPRVW
DPSOLILHG IRU 6XFWLRQ 'LVWULEXWLRQ  6'  DQG LV
DERXWODUJHUDW[F IRUWKHEDVHOLQHVXFWLRQ
GLVWULEXWLRQWKDQIRUWKHRWKHUWZRVXFWLRQFDVHV
7KH UHVXOWV DUH FRPSDUHGZLWK OLQHDU 36( UHVXOWV
ZKLFK ZHUH FRPSXWHG XVLQJ /$675$&  )RU WKHVH
FRPSXWDWLRQVWKHVXUIDFHWHPSHUDWXUHGLVWULEXWLRQZDV
VSHFLILHG DV LQ )LJ  DQG WKH HIIHFWLYH VXFWLRQ
YHORFLWLHV ZHUH VSHFLILHG VXFK WKDW WKH VXFWLRQ IORZ
UDWH WKURXJK HDFK IOXWH PDWFKHG WKH H[SHULPHQWDOO\
PHDVXUHG IORZ UDWHV  7KH 1IDFWRUV IRU ERWK PRGHV
DUH SORWWHG LQ )LJ   7KH H[SHULPHQWDO 1IDFWRUV
ZHUHFRPSXWHGDVVXPLQJDQLQLWLDODPSOLWXGHWRPDWFK
WKHOLQHDU36(UHVXOWVDWWKHILUVWPHDVXUHPHQWORFDWLRQ
[F )RUWKHPPPRGHWKHH[SHULPHQWDO



D[F 

E[F 

F[F 

)LJXUH 6WDWLRQDU\FURVVIORZPRGHVN WR
PPIRUGLIIHUHQWVXFWLRQGLVWULEXWLRQV
D[F 
E[F 

)LJXUH 6WDWLRQDU\ FURVVIORZPRGHV N  WR
PPIRUGLIIHUHQWVXFWLRQGLVWULEXWLRQV

$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV


UHVXOWV DW WKH VHFRQG ORFDWLRQ DUH IDLUO\ FORVH IRU WKH6' DQG6' VXFWLRQ FDVHV +RZHYHU WKH6'PRGH
JURZV PXFK PRUH WKDQ SUHGLFWHG E\ OLQHDU 36(  )RU WKH  PP PRGH WKH H[SHULPHQWDO UHVXOWV DW WKH VHFRQG
PHDVXUHPHQW ORFDWLRQ VKRZJRRGDJUHHPHQWZLWK WKHFRPSXWDWLRQDO UHVXOWVEXW WKHPRGH LVPXFK OHVVDPSOLILHG
WKDQSUHGLFWHGDWWKHODVWPHDVXUHPHQWORFDWLRQ
 )RUERWKPRGHVWKHUHVXOWVIURPWKH6'VXFWLRQFDVHKDGWKHEHVWRYHUDOODJUHHPHQWZLWKWKHSUHGLFWHG1IDFWRU
YDOXHV +RZHYHUIRUERWK6'DQG6'WKHFRPSXWDWLRQDOUHVXOWVVLJQLILFDQWO\XQGHUSUHGLFW WKHJURZWKRI
WKHPPPRGHDQGRYHUSUHGLFWWKHJURZWKRIWKHPPPRGH,WLVLQWHUHVWLQJWKDWERWKRIWKHFDVHVZLWKHOHYDWHG
VXFWLRQWKURXJKWZRIOXWHVVKRZVLPLODUWUHQGVSDUWLFXODUO\WKHXQH[SHFWHGJURZWKRIWKHPPPRGH


9 &RQFOXVLRQV
7KH1$6$%RHLQJ+/)&&URVVIORZH[SHULPHQWSURGXFHGDXQLTXHGDWDVHWZKLFK LVXVHIXO IRU LQFUHDVLQJRXU
XQGHUVWDQGLQJRIVXFWLRQHIIHFWVRQFURVVIORZJURZWKDQGWUDQVLWLRQ6HYHUDOQHZWHFKQLTXHVZHUHGHYHORSHGWRDLG
LQWKHGDWDDQDO\VLV 7KHYLEUDWLRQRIWKHSUREHFDXVHGSHDNVLQWKHVSHFWUDOGHQVLW\SORWVRIWKHG\QDPLFKRWZLUH
GDWD ZKLFK FRXOG KDYH EHHQ PLVWDNHQ IRU WUDYHOLQJ GLVWXUEDQFHV  7KHVH SHDNV ZHUH LGHQWLILHG E\ ORRNLQJ IRU
TXDOLWDWLYHDOLJQPHQWZLWKWKHYHORFLW\JUDGLHQWRIWKHPHDQSURILOHV
7KHZDOO ORFDWLRQZDVFRUUHFWHG IRUHIIHFWVGXH WR WKH VWDWLRQDU\FURVVIORZGLVWRUWLRQRI WKHPHDQSURILOHV $
ORZSDVVVSDWLDOILOWHUZDVHPSOR\HGWRHOLPLQDWHXQUHDOLVWLFYDULDWLRQVLQZDOOORFDWLRQ7KLVUHVXOWHGLQDFKDQJHLQ
FURVVIORZDPSOLWXGHRIEHWZHHQDQGDVZHOODVDFKDQJHLQWKHPRGHVKDSH7KHVPRRWKZDOOVWDWLRQDU\
FURVVIORZ PRGH VKDSHV DQG WKH OLQHDUILW ZDOO VWDWLRQDU\ FURVVIORZ PRGH VKDSHV ZHUH FRPSDUHG WR OLQHDU 36(
UHVXOWV7KHVPRRWKZDOOPRGHVKDSHVVKRZHGVOLJKWO\EHWWHUDJUHHPHQWZLWKWKHOLQHDU36(UHVXOWVIRUPRVWFDVHV
7KHUHVXOWV IURPWKHKRWZLUH WHPSHUDWXUHFRUUHFWLRQVXJJHVW WKDW WKHWUDYHOLQJFURVVIORZGLVWXUEDQFHDPSOLWXGH
ZDVKLJKO\VHQVLWLYHWRZDOO WHPSHUDWXUH 7KLVZDVLQYHVWLJDWHGE\FRPSDULQJWKHFKDQJHLQDPSOLWXGHGXHWRWKH
ZDOO WHPSHUDWXUH ZLWK OLQHDU 36( UHVXOWV  7KH GLIIHUHQFH LQ 1IDFWRU GXH WR WKH GLIIHUHQFH LQ ZDOO WHPSHUDWXUH
FDOFXODWHGXVLQJOLQHDU36(ZDVVLPLODUWRWKDWVHHQLQWKHH[SHULPHQWDOUHVXOWV7KLVLQGLFDWHVWKDWH[SHULPHQWDOLVWV
VKRXOGEHFDUHIXOZKHQGHVLJQLQJDQGFDUU\LQJRXWH[SHULPHQWVZKHUHWUDYHOLQJFURVVIORZLVDQLPSRUWDQWIDFWRU
7UDYHOLQJFURVVIORZDWDPSOLWXGHVXSWRRIWKHIUHHVWUHDPYHORFLW\ZHUHSUHVHQWLQWKHGDWDGHVSLWHWKHORZ
WXUEXOHQFHLQWHQVLW\RIWKHIW737DWWKHH[SHULPHQWDOFRQGLWLRQVWKDWZHUHLQYHVWLJDWHG7KHPRGH
VKDSHVRI WKH H[SHULPHQWDO WUDYHOLQJPRGHVPDWFK WKH OLQHDU36( UHVXOWV TXLWHZHOO 7KH H[SHULPHQWDO VSDQZLVH
SKDVH VSHHGV UDQJHG EHWZHHQ  RI WKH IUHHVWUHDP YHORFLW\  7KHVH UHVXOWV ZHUH W\SLFDOO\ KLJKHU WKDQ WKDW
SUHGLFWHGE\OLQHDU36(RIDURXQGIRUWKHPRVWDPSOLILHGPRGH
6WDWLRQDU\FURVVIORZJURZWKIRUVHYHUDOGLIIHUHQWVXFWLRQGLVWULEXWLRQVZDVSUHVHQWHG$VSUHGLFWHGWKHVXFWLRQ
KROHVSDFLQJRQWKHSDQHOH[FLWHGDFURVVIORZPRGHDWWKDWZDYHOHQJWK,QIDFWWKLVPRGHJUHZWRODUJHDPSOLWXGHV
 RI WKH IUHHVWUHDP YHORFLW\ EHIRUH GHFD\LQJ  7KH1IDFWRU UHVXOWV VKRZ IDLUO\ JRRG DJUHHPHQW EHWZHHQ WKH
OLQHDU36(UHVXOWVDQGWKHH[SHULPHQWDOUHVXOWVIRUWZRRIWKHVXFWLRQGLVWULEXWLRQV +RZHYHUWKHFURVVIORZPRGH
IRUWKHVXFWLRQGLVWULEXWLRQZLWKIOXWHVDQGDWKLJKHUVXFWLRQUDWHV6XFWLRQ'LVWULEXWLRQJUHZVLJQLILFDQWO\
PRUHWKDQSUHGLFWHG7KHUHVXOWVIRUWKHODUJHUZDYHOHQJWKPRGHVVKRZJRRGDJUHHPHQWZLWKWKHOLQHDU36(UHVXOWV
EHIRUHWKHPRGHVEHJDQWRH[KLELWQRQOLQHDUHIIHFWV
 
DPPPRGHN PP         EPPPRGHN PP
)LJXUH 1)DFWRUSORWVIRUPPDQGPPPRGHV

$PHULFDQ,QVWLWXWHRI$HURQDXWLFVDQG$VWURQDXWLFV


1RZ WKDW WKH UHVXOWV KDYH EHHQ UHILQHG HIIRUWV KDYH EHHQ XQGHUWDNHQ WR LQFRUSRUDWH WKH SRVWWHVW SRURVLW\
PHDVXUHPHQWVRIWKHVXFWLRQSDQHOVZLWKWKHKRWZLUHGDWD1RQXQLIRUPLW\RIWKHVXFWLRQZDVEHOLHYHGWREHSUHVHQW
GXULQJWKHH[SHULPHQWGXHWRKROHEORFNDJHDQGGHIHFWVLQKROHIDEULFDWLRQ'HWDLOHGPHDVXUHPHQWVZHUHSHUIRUPHG
WRGHWHUPLQHWKHDFWXDOVXFWLRQGLVWULEXWLRQVWKDWZHUHSUHVHQWGXULQJWKHH[SHULPHQW 7KHKRSHLV WKDWZHZLOOEH
DEOH WR FRPH WR VRPH PHDQLQJIXO FRQFOXVLRQV UHJDUGLQJ WKH HIIHFW RI WKH QRQXQLIRUPLW\ RI WKH VXFWLRQ RQ WKH
UHFHSWLYLW\DQGJURZWKRIWKHFURVVIORZPRGHV

$FNQRZOHGJPHQWV

7KLVZRUNZDVVXSSRUWHGE\WKH1$6$6XEVRQLF)L[HG:LQJ3URMHFW7KHDXWKRUVZRXOGOLNHWRWKDQN0HHODQ
&KRXGKDULDQG&UDLJ6WUHHWWIRUWKHLULQSXWDQGVXSSRUW&DWK\&URQLQZDVLQVWUXPHQWDOLQJHWWLQJWKHGDWDEDVHEDFN
XSDQGUXQQLQJDQGKHUKHOSLQUHFRYHULQJWKHGDWDKDVEHHQPXFKDSSUHFLDWHG:HDUHDOVRLQGHEWHGWR/DWXQLD
0HOWRQZKRSURYLGHGXVZLWKVRPHNH\PLVVLQJLQIRUPDWLRQIURPWKHWHVW
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